Abstract: Succinimide N-oxide anion-mediated reaction of heptamethine cyanines that are chloro substituted at the central position of the heptamethine moiety furnishes the title dyes in high yield (80-96%). The ketones absorb in the visible region, and upon protonation (pH<6) they are transformed into hydroxycyanines that show an intense absorption in the near-infrared region (>700 nm).
Introduction
Recently, non-covalent labeling of biological macromolecules with a near-infrared chromophore (λ^ >700 nm) has become a firmly established trend in bioanalytical research.
1 With the use of near-infrared pH-sensitive reporter molecules another dimension is added to bioanalytical research because the spectral properties of the labels change with hydrogen ion concentration. Examples of pH-sensitive dyes 2,3 (Scheme 1) are ketones 4 1=0 -3=0 (λ^ = 528-550 nm), the protonation of which results in the formation of near-infrared cyanines 4 1-OH -3-OH (λ^ = 711-750 nm). These dyes were obtained in modest yields by ipso substitution of the corresponding chlorocyanines in the sodium acetate or sodium methoxide mediated reactions. The treatment with MeCOONa in DMF at an elevated temperature produces an acetoxycyanine that undergoes hydrolysis to a ketone during workup. In the second method, an intermediate methoxycyanine undergoes demethylation in a nucleophilic substitution reaction with methoxide ion in methanol. A superior pH-sensitive dye 8=0
(structure in Scheme 2) was synthesized in a similar way, 5 albeit in the low yield of 26% (8=0, λ™« = 648 nm; 8-OH, λη," = 932 nm). The attempted conversions of 9-CI, 10-CI, 12-CI, and 13-CI (structures in Schemes 2-4) were all unsuccessful. 
1=OH -3=OH
3: R 1 R 2 = (CH=CH) 2 , η = 4
Scheme 1
1=0 -3=0
1: R 1 = R 2 =H, η = 3; 2: R 1 = R* = Η, π = 4;
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Results and Discussion
In this work, ketones of Scheme 1 and ketones 8=0 -10=0,12=0, and 13=0 (Schemes 2-4) were obtained with high efficiency (yields 80-96%) by treatment of the corresponding chlorocyanines with sodium succinimide TV-oxide in DMF under mild conditions. Due to the high yields, chromatography was not required, and the ketones were obtained in an analytically pure form by precipitation from a crude mixture followed by single crystallization. Alternatively The electronic spectra were taken in MeOH (9,10) and in EtOH (12, 13) .
hydroxycyanine solution in DMF followed by treatment with ether caused precipitation of a ketone. The visible/nearinfrared spectra of the new ketone/cyanine systems are given in Table 1 .
Sodium succinimide N-oxide was generated by the reaction of Λ'-hydroxysuccinimide with sodium hydride in anhydrous DMF, This step can be avoided by the use of N-hydroxysuccinimide in the presence of triethylamine. The penalty is an increased reaction time, up to three-fold for the conversion of chlorocyanines to ketone/cyanine dyes.
Nevertheless, the two methodologies (NaH and Et 3 N) give the final dyes with virtually identical efficiency.
The suggested mechanism for the succinimide N-oxide anion mediated transformation of chlorocyanines to ketones (Scheme 5) is based on the following observations. First, the ketones are formed directly in the anhydrous reaction medium, that is, their formation does not involve hydrolysis of an intermediate product during workup. This conclusion was derived from the observation of the characteristic color of the ketones, which became more intense as the reactions progressed, and confirmed by analysis of visible absorption spectra of the crude mixtures. Second, the reactions are strongly inhibited in the presence of nitrobenzene which is a single-electron scavenger. 7 For example, the yield of 12=0 was 96% in the absence of nitrobenzene, 40% for a 9:1 mixture of DMF/PhN0 2 , and the
synthesis of 12=0 was completely inhibited in a 1:1 mixture of DMF/PhN0 2 under otherwise identical conditions. The starting cyanine 12-CI constituted the remaining material balance. The mechanism of Scheme 5 is also consistent with ι '<>!. 1 I. No. 2. 2005 Novel synthetic route to pH-,sensitive 2. 6 
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analysis of GC-MS spectra of crude mixtures, which showed the presence of succinimide, apparently drived from succinimidyl radical. Related free-radical reactions have previously been postulated. 8, 9 Detailed mechanistic studies are in progress.
In summary, a novel, highly efficient conversion of readily available heptamethine chlorocyanines to pH-sensitive ketone/cyanine systems is described. The one-pot reaction is mediated by succinimide -V-oxide anion. This reaction provides an easy access to pH-sensitive benz[ci/]indolium (8-10) and thiopyrylium (13) derivatives with outstanding pHdependent spectral properties. The most dramatic changes in absorption are observed for 13 (Δλ^ = 350 nm) as the visible absorption of ketone under neutral or basic pH conditions is bathochromically shifted beyond 900 nm for the cyanine chromophore that is generated upon protonation of the ketone. In all cases the spectral changes are reversible and depend on pH conditions.
Experimental
General. Chlorocyanines 8-C1 and 13-CI are commercial products. The preparations of 1-CI -3-C1, 3 5, 6 10 and 7 U have been described previously. All new compounds had no defined mp decomposing above 200 °C. Unless indicated otherwise, 'H NMR spectra were recorded at 400 MHz in DMSO-4s with TMS as an internal standard.
4-(2'-MethyI-3'-benzothiazoIio)butanesulfonate (11).
Alkylation of 2-methylbenzothiazole with 1,4-butane sultone was conducted by using a general procedure (toluene, reflux for 20h). 
